Copy number variation (CNV) is a main cause of male infertility, yet its influence still remains elusive in that of females. To investigate the correlation between CNV and female infertility, we applied whole-genome CNV analyses by next generation Sequencing (NGS), and analyzed 324 female infertility samples in Xinjiang Province, People's Republic of China. We identified 29 CNVs in total, of which 10 were novel CNVs. We found these CNVs mostly in chromosome X. The CNVs from one sample overlapped the POF1B gene that was related to premature ovarian failure (POF). The rest of these CNVs overlapped important functional genes related to neuropathy, brain, skin and retina, and the relationship between these CNVs and fertility needs to be studied further. We also found recurrent CNVs located on Xp22.31 and 22ql 1.21 in five and three cases, respectively. Our study first identified and characterized CNVs (CNVs preference, recurrent CNVs) in female infertility, also provided genetic evidence and references for future study and infertility etiology research.
INTRODUCTION
Copy number variations (CNVs) have been found to be responsible for a wide range of human diseases; CNVs on sex chromosomes are more likely to play key roles in germ cell development [1] [2] [3] [4] . In the past two decades, CNVs causing male infertility have been widely reported, * Reproductive Medicine Center, Xinjiang JiaYin Hospital, Shuimogou District, Urumchi, Xinjiang Province, People's Republic of China such as the sex chromosome CNVs (Y chromosomal microdeletions and X-link CNVs) [5] [6] [7] [8] [9] [10] . Furthermore, the role of CNVs in female infertility is still poorly understood. A few studies have reported that CNVs may disrupt key genes and pathways of ovaries, leading to premature ovarian failure (POF). Some CNVs are also related to genetic factors causing female infertility, such as the associated microdeletions/duplications in XY gonadal dysgenesis syndrome (XY-GD), MRKH (Mayer-Rokitansky-Küster-Hauser) syndrome [11] [12] [13] [14] . However, the correlation between female infertility and CNVs still remains elusive, especially for the female infertility in China. Array comparative genomic hybridization (aCGH) is the well-accepted standard for identifying CNVs, but aCGH has disadvantages including restrictive requirement of DNA quality and relatively high cost. In recent years, next generation sequencing (NGS) technologies have been widely applied in chromosome aneuploidy testing and CNVs detection [7, 15, 16] . Next generation sequencing has several advantages: low cost, short period, high resolution, high accuracy and, small amount of input DNA. The microdeletion and microrepetition of chromosomal fragments can be found by analyzing the CNVs. Dong et al. [7] tested CNVs by high-throughput genome-wide sequencing on 33 male patients in China with spermatogenic failure. Liu et al. [15] found novel Y-chromosomal microdeletions were associated with non obstructive azoospermia using a highthroughput sequencing method. Wang et al. [16] showed that semiconductor sequencing is of equivalent efficacy as an aCGH in detecting CNVs of >1 Mb.
In this study, we investigated the correlation between the genome CNVs and female infertility by NGS. We further identified CNVs characteristics for Chinese female infertility samples and provide reference for female infertility etiology research. Library Construction and Sequencing. We enzymatically fragmented 300ng genomic DNA with an average size of 150 bp, followed by library construction according to the Life Technology Ion Xpress Plus Fragment Library preparation guide (Life Technologies, Carlsbad, CA, USA). The constructed library was quantified using Qubit® 2.0 (ThermoFisher Scientific). The libraries were mixed in proportion, and pooled P1 chip to ensure an average sequencing depth of ~0.1 x for each sample.
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Data Analysis. All sequencing reads were aligned to the reference human genome National Center for Biotechnology Information (NCBI) Build37/hgl9 by TMAP software (www.tmap.net). Meanwhile, duplicate sequences were removed by using Picard software (https://broad institute.github.io/picard/). Each chromosome was divided into 40 kb non overlapped bins, and the number of reads mapped to each bin was calculated. We normalized the GC percentages in each bin by LOWESS regression. Circular binary segmentation (CBS), a reliable algorithm that is widely used in the analysis of comparative genomic hybridization arrays, allowed us to precisely define changed points by partitioning chromosomes into regions of equal copy numbers. The CNVs obtained by analysis were compared to the Database of Genomic Variants (DGV), International Standards for Cytogenomic Arrays (ISCA), DECIPHER databases (DEC), and the normal polymorphism CNVs were filtered out.
RESULTS

Classification Statistics and Clinical Phenotypes of Infertility.
One-hundred and thirty of the 324 infertile females had primary infertility, and the average age of infertility was 32.2±4.6, and infertile mean years were 4.3 ± 3.2. There were 194 patients with secondary infertility, with the average age at 34.8 ± 5.7, and the infertile mean years were 3.5 ± 3.2. Primary infertility and secondary infertility showed significant differences in average age and infertile mean years, but there were no significant difference in CNV variation rates between the primary infertility group and secondary infertility group [χ 2 test with 95% confidence interval (95% CI)]. (No significant difference, data not shown.)
The results of Copy Number Variations. After filtration using DGV, we detected 29 CNVs in 29 samples (Table 1 ). All the chromosome abnormalities were CNVs, no abnormal chromosome numbers were found. As shown in Figure 1 , CNVs were distributed in different regions of the chromosomes. Copy number variations occurred 10 times on chromosome X with the highest frequency. One sample has duplication CNV on Xq21.1 -q21.2 involved in POF1B, this patient had two miscarriages and one spontaneous abortion. The duplication CNV (9q22.32-q22.33) containing the HSD17B3 gene was found in another sample, this patient had normal sex hormones and a normal uterus. According to DGV, 10 novel CNVs were screened out. In this study, we found five recurring CNVs located on Xp22.31, and three times on 22q11.21. 
DISCUSSION
This research showed the CNV preference for chromosome X in the 324 female infertility patients. The X chromosome is the key chromosome for female sexual organ development, and the long arm of the X chromosome was a key area of gonad development. The variation in chromosome X was prone to cause abnormal developments of gonad and infertility [17] . The presence of CNVs in the female genome may result in abnormalities in gamete formation and meiosis of oocyte, thereby influence fertility. One sample exhibited CNV on Xq21.1-q21.2, which involved a gene, POF1B. Loss of function in POF1B could lead to exaggerated germ cell apoptosis and POF [this gene included by the Online Mendelian Inheritance in Man (OMIM)], but this CNV was duplication instead of deletion [18, 19] . Combined with clinical phenotype and female sex hormone levels detection, we believed that this CNV duplication may influence fertility. For CNV (9q22.32-q22.33) duplication, it contained HSD17B3 gene. The HSD17B3 gene mutations could impair testosterone bio-synthesis and causing male under masculinization [20] , but its function has not been reported in females. For the rest of these CNVs, some contain protein coding genes related to diseases in the OMIM database, but they are mostly associated with other genetic disorders such as neuropathy, brain, skin and retina. Thus, the association between female infertility and CNVs are still unclear. Our data showed that CNVs may be not the main cause of unexplained infertility. In these 29 CNVs, there were five deletions and 24 duplications (Table 1) . Our method cannot detect the inversions and translocations, which may lead to the low detection rate of the actual CNVs.
We also found five recurring CNVs on Xp22.31, and three times on 22q11.21. The average size of Xp22.31 CNVs was about 1.6 M, including one deletion and four duplications. For clinical phenotypes, four patients with normal phenotype (sex hormone level and normal uterus), and one patient had one miscarriages and one spontaneous abortion. Xp22.31 contained the encoding genes of STS, VCX2, VCX, VCX3A,PNPLA4,HDHD1, etc. It was reported that the deletion, reduplication, and rearrangement of Xp22.31 can lead to X-linked ichthyosis. These five patients all showed no X-linked ichthyosis clinical phenotype. In 2010, Krausz et al. [21] found the CNVs on Xp22.31 for two male infertility patients. So far, there has been no report about Xp22.31 on female infertility. The Xp22.31 exhibits a frequency of 0.15% in a healthy population [22] . Thus, the correlation between Xp22.31 and female infertility needs to be further investigated.
Three of the female infertility patients had CNVs on 22q11.21 duplications. The average size of Xp22.31 CNVs was about 2 M. The clinical phenotypes of these three patients were unexplained primary infertility, and their husbands exhibited normal sperm. The deletion CNV (22ql1.21) was also found in two types IMRKH (MayerRokitansky-Küster-Hauser) syndrome [14, 23] . The association between 22ql 1.21 deletions and Müllerian aplasia has been reported [24, 25] . Moreover, our patients have normal uterus and menstruation.
There are many factors that influence female infertility including POF, leiomyomas, endometriosis and polycystic ovarian syndrome (PCOS), etc. For the first time, our study explored the correlation between CNVs and female infertility using NGS technology, and also provided genetic evidence and references for future study and infertility etiology research.
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